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(57) The piezoelectric chemical-liquid atomiser ap- 
paratus (11 ) including a chemical liquid vessel (12) de- 
taphably housed in the atomiser apparatus (11), and a 
wick for supplying a chemical liquid therethrough to a 
pie2oe]eclric atomising head arranged in tlie atomiser 
apparatus (11), characterized in thai the wick is divided 
tntoaflrst chemical-liquid passage portion and a second 
chamical-llquid passage portion (4), wherein (A) tha first 
chemlcai-liquki passage portion ie arranged within the 
chemical liquid vessel (12), one end thereof oontacUng 
the chemical liquid and the other end thereof being abut- 
ted against one and of the second chemicaHiquid pas- 
sage portion (3), and (B) the second chemrcaHiquid 
passage portion (3) is arranged at a position where the 
other end thereof slightly touches the piezoelectric at- 
omising head or a position where the other end thereof 
contacts the piezoelectric atcmteing head, thereby al- 
lowing the chemical liquid to be supplied up to the pie- 
zoelectric atomising head through the first chemica!-liq- 
uid passage portion (4) and the second chemical-liquid 
passage porticffi (3). TTie above piezoelectric chemcal- 
liquid atomiser apparatus is highly useful far a method 
for repelling and eliminating a harmful organism. 
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Description 

BACKGROUND OF THE INVENTION 
Reld of the Invention 

[00011 The present invention relates generally to a piezoelectric cheirtcaHiquld atomiser apparatus for spraying 
chemical liquids for eliminating insects, eliminating nnites, retarding insects' growUi, repelling insects, perfuming, deo- 
dorizing, disinfecting, and the like. The present invention further relates to a method for repelling or enmlnating hannful 
organisnfis by sfficienlly and economically emitting in the air an effective ingredient having lunclions of eliminating 
insects, eliminating mites, retarding insects' growth and repelKng Bisects. 

Discussion of the i^latedArt 

[0002J There have been utilized methods using mosquito repellent incense or mosqulo-repe«ent mate and liquid 
heating transpiration apparatuses as conventional methods for emitting chemical liquids in *ie air for the purpose of 
eliminating insects, and the like. These methods have merits and demerits, respectively and therefore, a suitable meth- 
od is selected therefrom that meets a utilizable situatbn or a utilizable period. More recently, the method of utilizing 
the liquid heating transpiration apparatus has been used widely because of its merit that the transpiration apparatus 
does not require replenishment of chemical liquid for a long period of time. 

[0003] Any of these methods, however, are adapted for transpiration the eflectivs ingredient with heating. For in- 
stance, the temperature of a heating portion may rise as high as 100°C or more, which risks dangar. in some cases, 
chemical liquids contain flammable kerosine as a solvent. Further, these metfrads of transpiration of the chemcal 
liquids with heating have a detrimental tendency that the transpiration amount of the (^emical liquid decreases with 
passage of time. Particularly in a transpiration apparatus airaiged such fliat a wick draws up a diemical liquid, and a 
part of the wick is heated, the heated portion of the wick tends to be clogged by such causation as deterioration of the 
effective ingredient with heating. In this connectfon, there has been an urgent need for develcpment of a technique for 
stably emitting the chemical liquid in the air without using a heating means. 

[0004] As a liquid atomising method without utilizing heat, there has been disclosed a liquid atomising technique 
using a piezoelectric actuator (see, for example, Japanese Unexamined Patent Publication No. Hei 7-501481). In Ihe 
meUiod using a so-called piezoelectric atomiser apparatus as mentioned above, spray particles are generated by 
feeding a liquid to be sprayed to a vibrating portion vibrated at a high frequency. Methods for feeding the liquid to the 
vibrating portion include, lor Instance, a method of contacting or slightly touching a liquid-retaining member (a wick) 
impregnated with the liquid with a vibrating portion (see. for example, Japanese Patent Laid-Open Nos Hei 5-32941 1 
and Hei 6-320083). 

[0005] In the apparatus in whch the liquid is fed to the vibrating portion by means of the wick as described above, 
a gap between the iribrating portion and *ie wick or a stale of contact therebetween is extremely important. 
[0006] For instance, Japanese Unexamined Patent Publicalion No. Hei 7-5014S1 disctosos an apparatus for pro- 
ducing fine liquid droplets in which a Iquid is directly fed to a film used as a diaphragm by means of a c^illary liquki 
feeder or the like. In addition. Japanese Patent Laid-Open No. Hei 5-329411 discloses a liquid feeder for use in an 
ultrasonic atomiser apparatus having a structure that porous diaphragm is securely fixed to a piezoelectric vibrator 
Further, Japanese Patent Laid-Open No. Hei 6-320083 discloses an ultrasonic atomiser apparatus having a structure 
that an atomising end of a liquid retaining member is brought into contact with a diaphragm by a loading means. 
[0007] Particularly in the piezoelectric atomisation techniques discfcjsed in the above-mentioned three patent pubti- 
cations. in acase where a gap is provided with adislance wide enough not to cause slight touch between the diaphragm 
and the wick, the chemical Ik^uid cannot be smoothly fed to the diaphragm and hence, the spray particles are not 
fomied. On the other hand, in a case where the contact between the diaphragm and the wick is too strong, the wick 
may Interfere with desired vibration of the diaphragm or reduce the servicB Efe of the diaphragm. Therefore, in the 
piezoelectric atomiser apparatus, it is desirable that a constant gap or an unchanged state of contact between the 
piezoelectric atomising head (e.g., diaphragm) and the wick is always maintained rogaixiless of the serviceable con- 
ditions. 

[0008] In the piezoelectric atomiser apparatus utilfeing the wick for feeding a liquid to a piezoelectric atomising head 
(e.g., diaphragm), there has been known that a vassal (chemical liquid vessel) for storing flie liquid in a body of the 
apparatus is incorporated or detachably housed in the body of the apparatus. In the case where the chemical liquid 
vessel is incorporated in the body of the apparatus, an operation for replenishing the chemical liquid is very cumber- 
some, and there is a danger that an operator's !>and maybe exposed to a spilled chemical liquid during the replenishing 
operatbn. In the case where the chemical Ikjuid vessel is detachably housed in the apparatus body, there have been 
proposed the following two embodiments: One in which only the chemical liquid vessels are exchanged iMiile the wicl< 
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remains housed in the apparatus body; and the other in which the wicit is exchanged at the same time of exchange of 
the liquid vessel. In the case of one onbodimertt, since the chemical liquid vessel is open at a portion for housing the 
wtek, there isthe same danger with the aforesaid instance that the operator's hand may be exposed toa spilled chemical 
liquid. In tlie case of the other embodiment, there is a great concern about unwanted variations in the gap or the state 
s of contact between the diaphragm and the wnck, which tho unwanted variation may result from dimensional variations 
of a member constituting the liquid vessel and human factors such as a manner to house the liquid vessel to the 
apparatus. 

[0009] On the other hand, as to the method for repelling or eliminating harmful organisms by emitting an ejfective 
ingredient in the air, there have conventionally been known a method using a liquid healing transpiration apparatus; a 
w method utilizing a so-called aerosol method ciomprising atomising a chemical liquid by discharging a high-pressure 
gas together with the c*»emical liquid; and a method utilizing a so-called piezoelectric method comprising atomising a 
ch^icat liquid through ultrasonic waves requiring high output, and the like. 

pofOl Among these methods, recently, the method usiig a iKiuid heating transpiration apparatus, in partksular, has 
been well used because of Its oonvenisnco in not requiring replenishment of liqiJid for a long perkjd of time. In this 

« method, since the chemical liquid containing the effective ingrecSent Is discharged by continuously heating the liquid, 
once the heating temperature is stabilized, the chemical liquid particles can be continuously fed in the air. The size of 
the chemical liquid particles discharged from the heating transpiration ^paratus described above are extremely small, 
and the particles relatively quickly become floating and diffusing in the heat-ascending air flow. Particularly, a lightly 
closed room allows the chemical liquid particles to stay floating for a longer period of time. Together with the afwesaid 

^ continuous feeding of the chemical liquid particles, this method provides an advantage of a long-fasting effect for 
repelling or eliminating the harmful organisms. 

[0011] On the other hand, there are the following dissdvantagea. Since the chemical liquid is discharged through 
indirect continuous heating thereof, a great amount of time must betaken between the start of use and the exhibition 
of the effects of the chemical I'quid. Furthermore, since the method Involves continuous heat generation, requiring high 

25 energy It is practically impossible to use a battery or the like to drive the transpiration apparatus for a long period 
time. Further, sincethe heated portion of Ihe wick tends to bo clogged by such causation as deterioration of the ef ective 
ing rediant with heating, the transpirat ion amount of the chemical Iquid decreases in the latter half of the service perltid. 
In view of the above, in order to achieve power saving, tor instance, if the transpiration apparatus is intennittently 
driven, a long time is required until the effect of the chemical llqukJ Is exhibited through a tran^iration portton heated 

30 to a predetermined temperature, and hence, a desired effect or a desired power saving cannot be accomplished. 
[001 2] By contrast, the method for dlS(*>arging the chemical ik^uid by the aerosol method does not require electrical 
energy for atomisation energy of the chemical Fiquid, and allows instantaneous discharge of the chemical liquid in large 
amounts. Unfortunately, however, the presently commerclafly available aerosol products require the manual push- 
button operation, and besides, a given amount ol chemical liquid cannot be discharged without the use of a special 

3s constant flow valve. Furthemiore, many of the aerosol products are designed for principally treating the spraying par- 
tides directly upon target pests. In consideraticxi of transcutaneous penetration of the effective ingredient into insect 
bodies, the aerosol piroducts generally has a large particle size. Therefore, there arethefolkawing disadvantages when 
the particle size is large: 1 ) Slow diffusion rate in the air; 2) fast falling vebxities of the partbles; and 3) polluting the 
region where the chemical liquid is applied. 

■«) [001 3] One object of the present invention is to provide a piezoelectric chemical-liq u id atomiser apparatus with easy 
chemical liquid exchange operation, having substantial^ no liquid leakage when exchanging the chemical liquid, and 
reducing the variatbn in the gap or state of contact between the piezoelectric atomising head comprieing a diaphragm, 
a piazoelectric actuator and the like, and the wick, thereby improving the atomising slabilKy 
[0014] One object of the present inventfan is to provide a method for repelling or eliminating a harmful organism 

« capable of reducing energy required for releasing the chemical Ikjutd for repelling or eliminating a harmful organism, 
having a high safety, and being stable for a long period of time. 

[001 5] These and other objects of the present inventkin will be apparent from Uie following description. 
SUMMARY OF THE INVENTION 

SO 

[001 6] In one aspect, the present invention pertains to apiezoelectric chemical-liquid atomiser apparatus comprising; 
a chemical liquid vessel detachably housed in the atomiser apparatus, and 

a wick for supplying a chemical liquid therethrough to a piezoelectric atomising head arranged In Ihe atomiser 
^ apparatus, 

characterized in that: 

the WKk Is divided into a first chemical-liquid passage portion and a second chemical-liquid passage portion, wherein 
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(A) the first chsmical-liquid passage portion is arranged within tiie chemical liquid vessel, one end thereof contact- 
ing the chemical liquid and tiie other wid thereof being abutted against one end of the second chemicaHiquid 
passage portiwi; and 

<B} the second chemical-liquid passage portion is airanged at a position wtiere the other end thereof slightly touch- 
es the piezoelectric alomising head or a position where the other end thereof contacts the piezoelectric atomising 
head, thereby allowing the chemical liquid to be supplied up to the piezoelectric alomising head »irougH the first 
chemical-liquid passage portion and the second chemical-liquid passage portbn. 

[0017] In another aspect, the present invention pertains to a method for repelling and eliminating a harmful organism 
comprising emitting in the air a chemical liquid containing an effective ingredient as atomised chemical liquid fine 
particles, characterized in U>at the atomised chemical liquid is sprayed intermittently, and to have a particle size distri- 
bution of the resulting atomized chemical liquid fine particles in which 90% by cumulative volume of the chemical liquid 
fine particles based an volume cumulative distribution has a particle size of 20 urn or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 8] The present invention will become more fully understood from the detailed description given hereinbelow and 
the accompanying drawings which are givsi by way Of llluslradion anfy, and Ihtjs, are not limitative of the present 
invention, and wherein: 

Figure 1 is a schematic view aiustrating an exemplary construction of a diaphragm, a piezoelectric actuates a 
second chemical-liquid passage portion, and a first diemicaf-liquid passage portion; 

Figure 2 is a schematic view illusfrating a construction of a piezoelectric chemical-liquid atomiser apparatus in one 
embodiment of the present invention, which is a cross-sectional view of an atomiser apparatus; 
Figure 3 ie a schematic view illustrating a construction of a piezoelectric chemical-liquid atomiser appar^us in 
another embodiment of the present invention, which is a cross-sectional view of an atomiser apparatus; 
Figure 4 is a schematic view iltuetrating a ohemieal-iquid atomiser apparatus for the aerosol method including a 
control mechanism of open-dose of the atomising head, and a control mechanism of spraying lime intenral and 
amount of sprayed liquid; and 

Figure 5 is a schematic view illustrating a piezoelectric chemical-liquid atomiser apparatus. 

IP019] In the figures. 1 denotes a diaphragm, 2 a piezoelectric actuator, 3 a second chemical-liquid passage portion, 
4 aflfst chemical-liquid passage portion, 5 afixing piece, 6 a fixing member, 7 a metal mesh, 1 1 an atomiser apparatus, 
12 a chemical liquid vessel, 13 a rolat^le cover. 14 a chemicai liquid. 15 a piezoelectric actuator, ISabaHery, 17a 
packing member, 18 a vent. 1 9 a spray qpening. 20 a slidable switch. 21 a battery cover, 32 a propellanl. 33 a diptube, 
34 a pressure vessel, 35 an alomising head, 36 a bunwi. 37 an electromagnetic valve. 38 an electromayietic-valve 
control circuit, 39 a timer circuit. 41 an emiffing port. 55 a wick, and 56 an oscillation control circuit, 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] A piezoelectric chemical-liquid atomiser apparatus of the present Invention comprises: 
a chemical liquid vessel detachably housed in the atomiser ^paratus, and 

a wicit for supplying a chemical liquid therethrough to a piezoelectric atomising head arranged in the atomiser 
apparatus; 

characterized tn that: 

the wick is divided Into a first chemical-liquid passage portion and a second chemicd-liquid passage portion, wherein 

(A) ths first chemical-liquid passage portion is arranged within the chemical liquid vessel, one end thereof contact- 
ing the chemical liquid and the other end thereof being abutted against one end of the second chemical-liquid 
passage portion; and 

(B] the second chemical-liquid passage portion is arranged at a position where the other end thereof slightly touch- 
es the piezoelectric atomising head or a position where the ottier end thereof contacts the piezoelectric atomising 
head, thereby allowing the chemical liquid to be supplied up to the piezoelectric atomising head through the first 
chemical-liquid passage portion and the second chemlcal-tiquld passage portion. 

[0021J In the piezoelectric chemical-liquid atomiser apparatus of ttie present invention, the wick Is divided into the 
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first chemical-liquid passage portion and the second chemical-liquid passage portion. The chemical liquid vessel is 
independent from and detachelbly housed in the apparatus body, wherein the first chemical-liquid passage portion Is 
arranged within the chemical liquid vessel, and the second chemical-liquld passage portion is arranged in the apparatus 
body. Since the first chemical-liquid paeeage portion ie arranged wiOiin the chemical liquid vessel, the position of the 

5 second chemical-liquid passage portion is not changed when mounting or detaching the chemical liquid vessel. There- 
fore, a given stale of contact between the other end of thesecorKt chemical-liquid passage portion and the prezoelectric 
atomising head is maintained without affecting the mounting or detaching the chemical liquid vessel. 
[0022] The chemical liquid vessel in the present invention is so constructed as to be detachably housed in the at- 
omiser apparatus and includes the first chemical-liquid passage portion therein. The first chemical-liquid passage por- 

10 tion serves as a medium for absorbing the chernical liquid in the chemical liquid vessel and cortveying the absorbed 
chemical liquid to the second chemical-liquid passage portion, and also as a simple plug for preventing the chemical 
liquid from being spilled even when the chemical liquid vessel tumsiover on its side. Hence, the first chemical-liquid 
passage portion is arranged within the chemical liquid vessel, one end thereof contacting the chemical liquid in the 
vessel, and the other end thereof being abutted against one end of the second chemical-liquid passage portion. 

15 [0023] The chemical liquid vessel of the chemical-liquid atomiser apparatus according to the present inventirai may 
have a vent (aperture) having a hole area of 1 mm^ or less at a position higher than a liquid level of the chemical liquid. 
The vent serves to maintain a pressure within the chemical liquid vessel at the same level as the externa! pressure, 
and functtons as a member for provid'ng stable supply of the chemical liquid to the second chemical-liquid passage 
portion and consequently to the piezoelectric atomising head and functions as a mernberfor preventing liquid leakage 

20 from the vessel during storage. Hence , if is preferred that the chemical-liquid atomiser apparatus includes the chemical 
liquid vessel having such a vent Generally, in the chemical liquid vessel without a vent, a rise in the air temperature, 
an ^proach of alow atmospheric pressure or the like may sometimes cause the pressure in the vessels to rise relatively 
to the external pressure, resulting in causing phenomena such as an extreme increase in the supply amount of the 
chemical liquid from a first chemical-liquid passage portion and a largo amoisnt of chemicai liquid overflow. Hence, the 
aforesaid vent having an aperture of 1 mm^ or less is useful for the prevention of these phenomena. A preferable 
aperture area of the vent is 1 mm^ or less, from the vtewpoint of preventing the liquki leakage from the vent when the 
vessel is turned over ' 
[0024] Further, it is preferred that the chemtcal-ltquid atomiser apparatus according to the present invention may 
further comprise a packing member in the periphery of the abutment portion of the first chemical-liquid passage portion 

30 against the second chemfcal-liquid passage portion. The packing member may be attached to a side of the liquid vessel 
or to a side of the apparatus body. A manner to attach the packing member is not particularly limited. By including such 
a packing member at the abutment portion, it Is preferaMe that the periphery of contact points between the chemical- 
liquid passage portions is kept air tight, thereby preventing runs or drips oT the liquid. 

[0025] The atomiser apparatus in the present invention has the second chemcaHiqukj passage portion arranged at 

ss a positnn where the other end thereof slightly touches the piezoelectric atomising head in the atomiser apparatus or 
a positicwi where the other end thereof contacts the piezoelectric atomising head. The atomiser apparatus body further 
includes a piezoelectric actuator, an oscillatkm circuit mid the like which are generally included in the known piezoe- 
lectric atomiser apparatuses. The shape of the piezoelectric atomising head is not particularly limited, and it may take 
any one of the typioa! ones known in the art For example, there can bo preferably used a piezoelectric atomising head 

40 having a construction such that a porous diaphragm is secured to a piszoelectric actuator in a direct or indirect manner. 
The direction in which the piezoelectric atomising head ie mounted ie not limited to a horizontal positort relative to the 
floor (i.e. to spray in an upward direction), and it may be poeftKined in an arbitrary angle. Incidentally the diaphragms 
and piezoelectric actuators usable in the present invention include any one of those generall/ known in the art. 
[0026] Specific examples of a member which slightly touches the other end of the second chemical-liquid passage 

45 portion or contacts the other end of the second chemical-liquid passage portion include a diaphragm, a thin sheet, a 
piezoelectric actuator, and the like. The diaphragm and thh sheet mavc for example, be porous, niesh-like. or the like. 
[0027] Particularly in the chemical-liquid atomiser apparatus comprising the piezoelectric atomising head including 
a diaphragm, the state of contact between the piezoelectric atomising head and the other end of the second chemical- 
liqu id passage portion is preferably to a degree that the other end of the second chemical-liquld passage portion slightly 

so touches the piezoelectric atomising head. The term "slightly touches" used herein means a state In which the other 
end of the second chemical-liquid passage portion so softly touches the diaphragm or piezoelectric actuator as not to 
interfere with the vibration thereof; or it means a state in which such a fine gap is formed between the other end of the 
second chemical-liquid passage portion and the diaphragm or piezoelectric actuator that a film of the chemical liquid 
formed on the top surface of the other end of the second chemical-liquid passage portion barely contacts the piezoe- 

ss lectric atomising head, such as the diaphragm. By the slight touch between the piezoelectric atomising head and the 
other end of the second chemical-liquid passage portkm, the chemical liquid from the second chemical-liquid passage 
portion to &ie piezoelectrk; atomising head can be stably supplied without the interference writh the vibratkwi of the 
diaphragm or the piezoelectric actuator for atomising the chemical liquid. 
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[0028] The size of the "fine gap" for altowhg the aforesaid siight touch d^ends upon the shape of the piezoelectric 
atomising head or the thicltness of the chemical tlqufd film formed on the top surface of the second chemicaHiquid 
passage porlioa Since the film thickness, in parficular, is affected by a surface tension of the chemical liquid and a 
surfa«je energy of the second chemical-liquid passage portion, it is impossible 1o make a sweeping statement about 
this gap. However, for instance, the miriimum is prefer^ly the minimum vlbraiiori^ arr^litude of a porous dia- 
phragm, and the maximum gap is preferably 0.5 mm or less, nroreprefarabV 0.3 mmor less, and particularly preferably 

0. 1 mm or less. 

10029] In the slight touch, where the piezoelectric atomising head and the second chemical-llquld passage portion 
are in the 'state of softly touching," the second chemical-liquid passage portion is more preferably made of a relatively 
flexible material. 

[0030] In the chemical-liquid atomiser apparatus in an embodiment where the piezoelectric atomising head includes 
a porous or mesh-like thin sheet, the state of contact between the plezoelectrb atomising head and the other end of 
the second chemical-liquid passage portion is to a degree that the other end of the passage portion contacts the 
piezoelectric atomising head. A concrete ex^ple ol the piezoelectric atomising head in this embodiment includes a 
porous or mesh-like thin sheet of a dtcular ^ape behg arranged at a side where the chemical Ikjuid is discharged (e. 
g., upper surface) of a disk-like FHazoelsctric actuator, and circumferential portione of these are integrally retained by 
a flexible annular fixing member while the other and of the second chemical-liquid passage portion contacts a part ol 
the circumferential portions thus retained. In this case, the side where the chemical liquid is discharged of the piezo- 
electric actuator and the lower surface of the thin sheet form a fins gap therebetween, andthe chemical liquid spreads 
onto the fine gap supplied from the second chemical-liquid passage portion. Ttius, the stable supply of the chemical 
liquid can be provided fay the ensured contact between the other end of the second chemical-Hquid passage portion 
and the p iezoe lectric atomisin g head. 

[0031] As described in the foregoing, the gap or the slate of contact between the piezoslectric atomising head and 
theeecond chemical-liquid passage portion is extremely rnportait Accordingly, it is desirable thatthe second chemical- 
liquid passage portion is stably fixed in the atomiser apparatus body at all times in orcferto ensure that this gap or state 
of contact may 4iot be changed even when a chemical liquid vessel is housed h the atomiser apparatus thereby to 
bring the first chemical-liquid passage portion into abutment against the second chemical-liquid passage portion. 
[0032] In the piezoelectric chemical-iiquid atomiser apparatus according to the present invention, the first chemical- 
liquid passage portion is arranged within the chemical liquid vessel, one end thereof contacting the chemrcal liqiJd and 
the other end thereof abutted against the one end of the second chemical-liquid passage portion, while the second 
chemical-liquid passage portion is arranged where the other end thereof slightly touches the piezoelectric atomising 
header where the other andthereof contacts the piezoelectricatcniislng head. Therefore, Ihechemical liquid issupplfed 
from the chemical liquid vessel through the first chemical-liquid passage portbn and the second chemicaHiquid pas- 
sage portion up to the piezoetectric atomiang head. 

100331 Figure 1 Illustrates an exemplaiy construction of the present invention comprising a diaphragm 1 , a piezoe- 
lectric actuator 2, a second chemical-iiquKi passage portion 3 and a first chemical-liquid passage portion 4. In Figure 

1, the illustration of the parts other than the daphragm 1, piezoelecb-ic actuator 2, the second chemical liquid 
passage portion 3, the first chemical-liquid passage portion 4 and a fixing piece 5 are omitted for the sake of simplicity. 
[0034] in Figure 1 , A1 and A2 show an embodiment Where a position in which a first chemicaNlqufcl passage portion 
4 is abutted against a second chemical-lkiuid passage portion 3 is shifted in a horizontal direction from the position 
whero the second chemical-liquid passage portion 3 slighlly touches a diaphragm 1 . This embodiment has an advan- 
tage that even when the first chemical-liquid passage portion 4 is abutted against the second chemicaf-liquid passage 
portion 3 from below, a stress generated owing to the abutment is not directly applied to the diaphragm 1 , so that the 
gap or state of contact between the second chemical-iiquid passage portion 3 and the diaphragm 1 is not affected {or 
changed), bicidentally. in Figure 1, A1 is a front view, and A2 is a side view. 

[00351 'n Figure 1 , B1 and B2 show an embodiment vA\me a second chemical-liquid passage portion 3 is made of 
a relatively hard, porous material, and a fixing piece S is securety fixed to the vessel body This embodiment has an 
advantage that the second chemical-liquid passage portron 3 is made of a relatively hard material, so that the position 
of the second chemical-liquid passage portion 3 is not changed in the atomiser apparatus, even when ^plied with a 
load owing to the abutment from the first chemical-liquid passage portion 4. IncidentaJIy, in Figure 1, B1 is afrontview. 
and B2 Is a side view. 

[0036] In Figure 1 . CI and 02 show an embodiment where the abutment of a first chemical-liquid passage portion 
4 against a second chemical-liquid passage porticai 3 is in a different direcUort from that in which the second chemkssd- 
liquid passage portion 3 slightly touches a diaphragm 1. This embodiment has an advantage that stress generated 
owing to the abutment from the first chemical-liquid passage portion 4 does not directly affect the direction in which 
the second chemical-liquid passage portion 3 slightly touches a diaphragm 1 . so that a degree of slight touch there- 
between is maintained in an unchanged state. Incidentally, In Figure 1 , CI is a front view, and C2 is a side view. 
[0037] In the present specification, it is preferred that the abutment pressure of the first cherrtical-liquid passage 
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portion lothe second chemical-liquid passage portion is 200 g/cm? or less. In order to stably feed the chemical liquid 
from the first chemical'liquid passage portiw; to the second chemical-liquid passage portion, it is particularly preferred 
that the abutment pressure is suitably set in the range from 0. 1 to 1 00 g/cm^ dependhg upon abutment direction 
or construction of the chemical-liquid passage portions. 

5 [0038] In the present invention, an fflnbodiment where at least one of the first chemicaHiquid passage portion and 
the second chemical-liquid passage p(»lions is compressed by the abutment between these chemical-liquid passage' 
portion is preferable. By the compression, there is expected an effect ftat the state of contact between thsss first and 
second chemicai-liquid passage portions is made stable, and pores are locally formed, so that the wicking speed of 
the chemical liquid is increased. Furthermore, such pores are expected to serve as a filterfor preventing foreign sub- 

10 stances fn the chemical liquid from being migrated, even If such foreign substances were contained therein. 

[0039] The filtering effect is particularly useful in a case where, for example, the diaphragm of the piezoelectric 
atomising head is formed vwth a large number of pores having diameters of 10 )im or less for spraying fine chemical 
liquid particles. The pores fomned in the x^emical-ilquld passage portions may have diameters ranging from about 0.5 
to 30 fim and are not necessarily required to be smaller than the size of the pores formed in the diaphragm. The 

15 diameters of such pores formed in the chemical-liquid passage portions may be determined by appropriately com- 
pressing a member employed for the chemicaHiquid passage portion, and taking measurement on an enlarged cut 
surface of the compressed member through a microscope or the ike. 

[0040] As described in the foregoing, since 'he v/ick is divided into the first chemical-liquid passage portion and the 
second chemicai-liquid passage portion, tiie replenishment of the chemical liquid or exchange of the chemical liquid 

SO vessels can be facilitated, and a gap or stats of contact between the piezoelectric atomising head and the wicit (the 
second chemical-liquid passage portion) can be made at a constant level. More specifically, there can be levelled 
variations, which may change the gap or state of ciwitact bstweien the piezoetecbic atomising head and the wick, in 
the size of components constituting the chemical liquid vessel and in the mounting positbn of the housed chemical 
liquid vessels. Thus, more easy production control of the chemical liquid vessels can be achieved. 

25 [0041 ] Materials for the first chemical-liquid passage portion and Utia second chemicat-liquid passage portion usable 
in the present invention are preferably exemplified by porous materials having continuously permeable pores, resinous' 
materials having continuous foams, or aggregates of resanous fibers. Cwicrete examfrfes thereof include resinous- 
materials having continuous foams, such as polyurethanes, polyethylenes, polyethylene terephthalates, polyvinyl for-' 
mals, and polystyrenes: porous materiale prepared by tableting with sintering resinous fine particles of, for instance.' 

30 polyethylene, polypropylene, nylon, orthetikeasamalncomponent; porous materials made of poly(ethylene fluorides); 
felt materials, such as polyesters, polypropylene, nyton, acrylic, rayon, and wool; aggregates of resinous fibers such 
as nonwOTen fabrics made of such fibers as polyolefln liberB, polyester fibers, nylon fibers, rayon fibers, acrylic fibers, 
vinylon fibers, poiyfural fibers, and arsmid fibers; porous, powder inorganic sintered body prepared by tableting with 
sintering inorganic powders of, for instance, ceramics as a main component, without t3eing limiiBd thereto. In addition, 

3S these materials for the first and second chemical-liquid passage portions may be treated with a surfactant. Further, the 
materlats for the first chemical-liquid passage portion may be the same as or different from those for Vhe second chem- 
ical-liquid passage portion. 

[0042] Since each of the first c^emrcal-liquKl passage portion and the second chemicaHiquid passage portion serves 
as a medium for supplying a chemical lK]uid to the piezoelectric atomising head, the materials used therefor having 

40 high liquid permeability are preferable. Concretely, the materials used for the first chemical-liquid passage portion 
having a wicking speed of the chemical liquid of 10 minutes or leee are preferable, more preferably 5 minutes or less. 
It is still more preferred that in addition to satisfy the above wicking speed, those having an ability of wicking the chemical 
liquid to a height of 40 mm or higher of the chemical-liquid passage portion are satisfied, particularly preferably 50 mm 
or higher In the present im/ention, tfje term "wicking speed of the chemical liquid" means a time for a chemical liquid 

45 to reach a height of 30 mm above the liquid level after immersing a chemicai-liquid passage portion having dimensions 
of 5 mm in width, 5 mm in thbkness, and 60 mm in length to a posKlon 10 mm from the bottnn portion at room 
temperature 25°C. In addition, the term 'ability of wicking the chenrucal liquid* means a height of the chemical liquid 
reached after 50 minutes from initiation of immetston, as measured by the same method as the wicking speed of the 
chemical liquid described above. 

so [0043] Here, in a case of using such materials as nonwoven fabrics as the chemical-liquid passage portion, where 
the thickness needed for measurement cannot be obtained, the thfckness is not particularly defined as long as the 
materials have 5 mm in widtl i and 70 mm in length. The wicking speed of the chemical liquid and the ability of wicking 
the chemical liquid are measured by using the chemical liqukj to be atomised. 

[0044] Next, the member used for the secwid chemicaNiquid passage portion preferably satisfies the same condi- 
SB lions as the first chemical-liquid passage portion. However, in practical temns, t>e member for the second chemical- 
Iquid passage portion only need to supply the chemical liquid from the first chemicai-liquid passage portion to the 
piezoelectric atomising head in a st^le manner, and the wicking speed of the chemnal liquid ^d the ability of wicking 
the chemical liquid are not particularly specified. 
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[0045] It Is preferred that the piezoelectric atomising head and the second chemical-lquld passage always maintain 
a constant gap or state of contact therebetween, regardless of conrfrtions of use and the like. Therefore, the second 
chemical-iiquid passage portion preferably exhbits a smaller degree of swell when the second chemical-liquid passage 
portion is im|xegnated with tfie chemical liquid. 

[0046] In the present Invention, the first diemicaHiquid passage porOon and the second chemical-liquid passage 
portion serving as the wic k preferably have higherf eeding speeds for the chemical liqu id, f ran the viewpoint of efficiently 
generating sprayed particles. It is comnnon practice in the art to set the feeding speed tor the chemical liquid of the 
wick to a level equal to or faster tian a spraying speed for the chemical liquid of the piezoelectric atomising head 
However, as a technique for increasing accuracy of the announi of sprayed chemical liquid, the feeding speed for the 
chemical liquid of the first chemical-liquid passage portion and/or Ihe feeding speed of the second chemical-liquid 
passage portion may be set to a lower level than the spraying speed for the chemical liquid, thereby to control the 
amount of sprayed chemical liquid. This technique is effective tor an atomising apparatus which repetitively atomise 
on a relatively short time basis. The fstdinique controls the supply amount of the chemical liquid through the chemical- 
liquid passage portions as wall as mechanical or stoctric control of the amount of sprayed liquid, so that IS is desirable 
for improving the accuracy of a spraying amount per one wisp of spray, or a spraying amount of the chemical liquid 
per unit time period, 

[0047] In the present invention, a method for housing the chemical liquid vessel in the atomiser apparatus is not 
particularly limited, as long as the method allows detachable housing of the chemical liquid vessel in the atomiser 
apparatus. In a case where a chemical liquid vessel is housed in an atomiser apparatus, the method allows that one 
end of the first chemical-liquid passage portion Is brought into abutment against one end of the second chemical-liquid 
passage portion. Examples Of a useful method for housing indudeamethod comprising horizontally shiftingachemical 
liquid vessel into the apparatus body trom a lateral side of The chemical liquid vessel and fitting the chemical liquid 
vessel in an atomiser apparatus body (lateral slide-fit method); a method for fitting a chemical liquid vessel in an 
apparatus body from a lateral side thweof with turning the vessel at a slight angle (lateral snap-fit method); a method 
for fitting a chemical liquid vessel in an atomiser apparatus body (from top side) in a substantially vertical direction 
(top-down housing method); a method .for fitting a chemical liquid vessel In the atomiser apparatus body (from bottom 
side) in a substantially vertical direction p)ottom-top housing method) and the like. Among these housing methods, the 
lateral slide-fit method, the lateral snap-fit method and Ihe top-down housing method are more preferred, since it Is 
made unnecessary to cany out such procedures as lifting up the apparatus body for housing or detachmg the chemical 
liquid vessel, these methods provide a simple and easy vessel changing procedure. 
[0048] fvlext, the apparatus of the present invontion will be describsd by referring to the drawings. 
[0049] Figure 2 Is a schematic view illustrating a construction of a piezoelectric chemical-liquid atomiser apparatus 
in one embodiment of the present invention, which is a cross-sectional view of an atomiser apparatus. In an atomiser 
apparatus 1 1 . there is provided a chemical liquid vessel 12. The chemical liquid vessel 1 2 is detachably housed in the 
atomiser apparatus 11 , and the chemical liquid 1 2 is taken in and out the atramiser apparatus 11 by opening a rotatable 
cover 13 attached to the atomiser apparatus 11 . In addition, the memberfora wick is divided into a first chemical-liquid 
passage portion 4 and a second chamical-liquid passage portion a When the chemical liquid vessel 12 is housed at 
a given position In the atomiser apparatus 11, the other end of the first chemical-liquid passage portion 4 is brought in 
abutment against one end of the second chemical-liquid passage portion 9, thereby exhibiting its function ae a wick. 
Here, the chemfcal liquid vessel 12 is housed by a lateral snap-fit method. 

[0050] The chemical liquid vessel 12 is provided with the first chemical-liquid passage portion 4, one end thereof 
contacting a chemical liquid 14. Further, the other end o1 tha first chemical-liquid passage portion 4 is brought into 
abutment against one end of the second chernical-llqLJid passage portion 3 housed In the atomiser apparatus 11 . 
[00K1] The atomiser apparatus 11 comprises a piezoelectric actuator 15 and a diaphragm 1 attached to the piezo- 
electric actuator 15, wherein the diaphragm comprises a large number of pores in a regular arrangement. Here, the 
other end of the second chemical-liquid passage portion 3 slightly touches the diaphragm 1 . 
[0052] In the apparatus of Figure 2, a battery 1 6 is used as a power source. TTie battery 1 6 is taken in and out of the 
atomiser apparatus 11 by opening a battery cover 21. In addition, although not niustrated in the figure, the atomiser 
apparatus further comprises an oscillation control circuit conne<ded to the piezoelectric actuator 15, the oscillation 
control circuit having a function of piezoelectric actuation control and a function of a timer control, in the periphery of 
the portbn where the first chemical-liquid passage portion 4 is brought into abutment against the second chemical- 
liquid passage portion 3, there is provided a packing member 17. In the chemical liquid vessel 1 2, a vent 18 is arranged 
at a positbn higher than the liquid level of the chemical liquid 14. 

[0053] By sliding a slidable switch 20 to a position shown in the figure, a spray opening 1 9 is opened, and the spraying 
operatbn is Initiated, 

[0054] The chemical liquid supplied from the chemical liquid vessel 12 passes through the first chemical-liquid pas- 
sage portion 4 and the second diemicaHiquid passage portion 3, and supplied to the di^hragm 1 slightly touching 
the other end of the second chemical-liquid passage portkan 3 as shown by arrows In the figure. By the viiration of the 
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diaphragm 1 , the chemical liquid is sprayed through an atomising head 1 9. 

[0055] Figure 3 is a Gross-sectional view for schematically illustraffiftg a construction of an atorraser apparatus In 
another embodiment of the present invention. 

[0056] In ttiis embodiment, a piezoelectric actuator 2 and a metal mesh 7 as att>!n sheet arranged thereabove form 
5 a fine gap, and a chemical liquid is supplied from a second chemicaMiquid passage portion 3 to the fine gap. 

[0057] As shown by arrows in the figure, the chemicsl liquid from a chemical liquid vessel 12 penetrates through-a 
first chemical-liquid passage ponion 4 and the second chernical-liqLtid passage portion 3to be delivered from the other 
end of the second chemical-liquid passage portion 3 onto a top surface erf the piezoelectric actuator 2, and the chemical 
liquid is introduced into ttie aforesaid fins gap to spread thereacross. The chemical liquid enters individual pores pio 
10 vided on the metal mesh so as to fonm fine liquid columns which are atomised and sprayed by the vibration of the 
piezoelectric adv&tor In a direction of tl>e thlcloiess of the actuator. 

[0058] The method for repelling and eliminating a harmful organism of the present invention oomprislng emitting In 
the air a chemical liquid containing an effective ingredient as atomised chemical liquid fine particles, is characterized 
in that the atomised chemical liquid is sprayed intermittently, and to have a particle size distrtoutbn of the resulting 
atomized chemlcaf liquid fine particies in which 90% by cumulative volume ol the chemical iiquid fine particles based 
on volume cumulative distribution has a particle size of 20 pm ot less. In tiie present invention, the cheinical liquid is 
emitted in the air as fine liquid droplets (fine chemical liquid particles) by any one of various atomising means, so that 
the hamiful organism may be repelled or eliminated by exhibition of ar effect of effective ingredients in the chemical 
iiquid. 

so [00S9] As to the diameter of the fine chemical liquid particles, 90% by cumulative volume or more of the chemical 
liquid lino particfee have a dlaneter of 20 |im or less, mote preferably 90% by cumulative volume or more of the 
chemical liquid line paiticlee have a diameter of 1 5 jim or leee, still more preferably 90% by cumulative volume or more 
of the chemical liquid fine particle« have a diameter of 1 0 ^ or less. 

[0060] In the present spedfication, the diameter of the fine chemical liquid particles herein Is a value detemined by 

25 a particle size distribution analyser by means of a laser beam scattering at 25°C. 

[00S1] In this case, a suitable position for spraying the chfflnical liquid is set for measuring the diameter of the fine 
chemical liquid particles by taking into account a spraying output and the like such that the particle size distributioh 
analyser may be allowed to provide favorable measurements. A suitable spraying position is spaced 1 0 to 50 cm away 
from the laser beam. It is suftable to measure the particle sizes Immediately after the spraying, i.e. within three seconds 

50 from the spraying of the chemical liquid. 

[0062] However, in a case where the use of the particle size distrtbutlon analyser cannot provide favorable meas- 
urements, such measurement values may be replaced by those given by a classifying device utilizing an Andersen 
sampler or the like. 

[0063] In order to intermittentiy spray fine chemical liquid particles of diameters within a given range, for rnsiance, 

ss the following spraying method may be employed. 

[0064] For instance, a spraying method which utilizes a chemical-liquid atomiser apparatus usingthe aerosol method; 
the apparatus comprising a pressure vessel including an openable spray opening, and a chemical liquid sealed in the 
pressure vessel together with a propellant can be employed. Preferable method of spraying the chemical liquid in the 
air is a method which utilizes a chemical-liquid atomiser apparatus further including a power source, an open/close 

40 control mechanism for the spray opening and a control mechanism of spraying time interval and amount of sprayed 
Iiquid, including an electromagnetic valve, a constant rate valve, and the like. In this case, the aforesaid pressure vessel 
seals in the chemical liquid together with the propellant, the chemical liquid consisting essentially of the effective in- 
gredients or comprising a mixture of effective ingrecfients and a solvent. The size of the fine chemical liquid particles 
can be adjusted by mainly adjusting a ratio of an initial volume of the chemical iiquid to the overall volume of the 

45 pressure vessel. 

[0065] Alternatively, the piezoelectric spraying method Includes a method for spraying the chemical liquid in the air 
using a piezoelectric atomiser apparatus, Including a piezoelectric actuator, a porous diaphragm attached to the pie- 
zoelectric actuator, a chemical-liquid feeding means for suppfying the chemical liquid to the diaphragm, a piezoelectric 
oscillation circuit connected to the piezoelectric actuator, a control circuit capable of contrcding vibration of the dia- 
so phragm for intermittently atomising the chemical iiquid, a power source, and a chemical liquid. In this case, the size of 
.the fine chemical liquid particles can mainly be adjusted by adjusting the size of pores provided on the diaphragm, 
incidentally, the piezoelectric chemical-liquid atomiser apparatus of the present invention may favorably be used for 
the spraying method in the present invention. 

[0066] The chemical liquid usable In the present invention is not parttculariy imited as long as the chemical liquid 
ss confine an effective ingredient exhibiting such olfecte as to kill insects or m'rtes, retard insects' growth, repel insects, 
and the like. Alternatively, the effective ingredient itself may bs used as the chemical liquid. Examples of effective 
ingredient usable herein include pyrelhroid insecticides, pyrethto(d-IB<e insecticides, organic phosphorus insecticides, 
carbamate insecticides, chloronicotine insecticides, insect growth refardants, and microbicides. bi the present inven- 
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tion, these effective ingredients may be used alone tx in admixture thereof. In many of these effective ingredients, 
ttiere are present geometric isomers ascribed to the carboxyllc acid component and optical isomersascribed to asym- 
metric carbon atom in the carboscylic acid component or the alcohol compoiem. In the present Invention, tlie chemica! 
liquid can contain any of these isomers and an admixture thereof. Concrete examples of the effective ingredient are 

5 listed as below. ■ v. 

[0067] Examples of the pyrelhroid insecticides include allettirin. d1 •d-Tao-aiielhrin. dT-d-T-ailethfin, d»d-T-ailethrln. 
d'd-T80-pralletlirin, phthalthrin, d-TSO-phthalthrln, resmethrin, d-T80-resmethrln, d-T80-furamethrln, permethrin. phe- 
nolhrin. fenvalerate, cypermethfin, d-TSC-cyphenothrin, empenthrin, teraliethrin, imiprothrin and the like. 
[OOeS] Examples of tho pyrethroid-liks insecticides include Etolenprox and the like. 

10 [0069] Examples of the organic phosphorus insecticides include Diazinon, fenitrothion, pyridafenthion, malathion, 
Dipterex, chlorpyrifos, fenthion, dichlorvos, propetanphos. Abate, prothlophos, phoxim and the like. 
[0070] Examples of the carbamate insecticides include propoxur and the like. 
[0071] Examples of the chloronicotlne insecticides inciuds imidaoloprid, aoetamiprorid and the like. 
[0072] Examples of the insect growth rstandants (IGR) include pyriproxyfen, cyromazine and the like. 

IS [0073] Examples of the microbieidesindude sulfur (S).Dacoml.WBC.Topsin-M,Sur™iex and the iike. 
[0074] MIticides, repellents and other insectifuges may be employBd depending upon its purposes, 
[0075] Examples of the miticide include kelthane and the lil<a. 
[0076] Examples of the repellent Include 

N.N-diethyl-m-toluamtde, dimethyl phthalate, dibutyl phthaiats. 2-elhyl-l,3-hexanedioi, p-dichbre*enzene, and Uie 
so like. 

[0077] Tfiese effective ingredients may be used alone or in admixtures of two or more kinds. 
[0078] The chemical liquid can be prepared by dissolving or mixing tlie above effective ingredient in a soU/ent. 
[0079] Examples of the solvent usable in the present inventicm include aliphatic hydrocarbons, alicyclic hydrocarbons, 
aromatic hydrocarbons, halogenated hydrocarbons, alcohols, esters, ethers, and Itetones, with a particular preference 
given to alphatic saturated hiydrocat»ns having 5 to 1 8 carbon atoms. Incidentally aMiough the aliphatic unsaturated 
hydrocarbons are not desirable as a main component o1 the solvent owing to its unpleasant odor, there is no problem 
in adding the aliphatic unsaturated hydrocarbtsis to the aliphatic saturated hydrocarbon in an ^ount so as not to 
cause an unpleasant odor. 

[0080] In addition, in the aliphatic saturated hydrocarbons, there is a tendency that the larger the number of carbon 
30 atoms, the more viscous the hydrocarbons, and in some cases, having a gel-tike state or solid state at an ambient 
temperature. In such cases, since mal-effecls are likely to be obtained when supplied or sprayed as a chemical liquid, 
the aliphatic saturated hydrocarbon used as a solvent preferably has 18 or less carbon atoms. From the viewpoint of 
flash point at an ambient temperature, the aliphatic saturated hydrocarbon used as a solvent preferably has 5 or more 
carbon atoms, In addition, as to the aliphatic unsaturated hydrocarbons, those having 10 to 14 cartion atoms are more 
3S preterite, and particularly those having 11 to 13 carbon atoms are more preferable. 

[0081] Examples of oommercially available solvent comprising these alphatic saturated hydrocarbons as a main 
component include "No. O Solvent M" (manufactured by NIPF'ON OIL CO., LTD.). "No. 0 Solvent L" (manufactured by 
NIPPON OIL CO., LTD.), "No. 0 Solvent H" (manufactured by NIPPON OILCO., LTD.), "NORMAL PARAFFIN YH-NP" 
(manufactured by NIKKO PETROCHEMICALS CO.. LTD.), "NORMAL PARAFFIN SH-NP" (manufactured by NIKKO 
^0 PETROCHEMICALS CO.. LTD.), 'DEOTOMIZOL A-1 ■ (maniifactured by Yoahitomi Pharrreceutical industries, Ltd.), 
"IP SOLVENT 2028" (manufactured by IDEMITSU PETROCHEf\/llCAL CO.. LTD.), "IP SGLVENT1620" (manufactured 
by IDEMITSU PETROCHEMICAL CO., LTD.), "IP SOLVENT 1016' (manufactured by IDEMITSU PETROCHEMICAL 
CO., LTD.), and 'NE0-CHI020L" (manufactured by Sanko Kagaku Kogyo K.K.). 

[0082] Moreover, it is extremely eflective to us© fats and oil produced mainly extracted from plants and animals and 
^ utilize as food additivee and starting cosmetic materials from the viewpoint of toxicity. Particularly, those oils which are 

less lilteiy to be adidifiad by oxidation, including semi-dry oils such as sesame oil. rapeseed oil, and soybean oil; and 

those oils which are not solidified including non-dry oils such as camellia oil and oltve oil are preferable. 

[0083] In addition, a compoation prepared by rrrocihg one or more compounds selected from the group corsiating of 

alcohols, aldehydes, ketone, and cartxMcylb acids as a solvent with watertogether with an effective ingredient may be 
so used as a chemical liquid, or alternatively, a oomposifion prepared by emulsifying and suspending in vraterthe effective 

ingredient together with a surfactant may be used a chemical liquid. Since the above composition contains water, there 

is less danger against fire. 

[0084] Incidentally, there may be other components besides the effective ingredients and solvents included in the 
chemical liquid. For example, in addition to the above effective ingredients, other components include stabilizing agents 
ss such as BHT and 2,2'-mettiylenebis(4-ethyl-6-t-bulylphenol); synergists such as 6-propylpiperonyl ether octachlo- 
rotSpropyl ether, isobornyl thiocyan acetate, N-octylbicycloheptene carboxiimide, and N-(2-ethylhexyl)-1-isopropyl- 
4-methylenebicyclo(2,2.2)oct-5-en-2,3-carboxiimide; ^rnal-derived or plant-derived natural perfumes; artificial per- 
fumes made of hydrocarbons, ateohols, phenols, ^dehydes. ketones, laaones, oxides, esters, and like; bactericid- 
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alantifungal agents such as 0-phenylphenol, isopnopylmBthylphenol, 2-chloro-4-phenylphenol, and thymoi. 
[0035] The amount of sprayed effective ingredient as contabed in the chemical liquid is not particularly limited the 
present invention. The amount of effective ingredient is suitably specified depending upon a target harmful organism, 
a type oT effective ingredient used and an expected effect. The target harmful organisms include flies, mosquitoes. 

5 cockroaches, fleas, mites, moth flies, centipedes, ants, aphids, spider mitea, andthe like. The target hamiful organisms 
include fungi such as Erysiphates, Melanconlaceae, Sclerotlniaceae, Moniliaceae, Tubarculariaceaesncithe lilte.- 
[0086] The preferred amount of sprayed effective ingrecient in the chemical liquid ranges from 0.D1 to 20 mg/h per 
30 m^. The amount of sprayed effective ingredient more preferably ranges from 0.05 to 20 mg/h per 30 and par- 
ticular!/ preferably ranges from 0.1 to 15 mg/h per 30 m*. 

10 IP087] By way of an example, where ckJ-TBO-prallethrin Is used as an effective ingredient for preventing mosquitoes 
from biting or elimirmting them, flie effective ingredient is preferably used in arfiounls in a range from 0.04 to 3.0 mg/ 
h per 30 m^, and more preferably from 0.1 to 1 .0 mgfln per 30 m^. Where another effective ingredient is used for the 
same purpose, Ihe amount thereof is suitably selected from a range from 0.01 to 20 mg/h per 30 depending upon 
a degree of activity of the affective ingredient used. 

IS [0088] In order to sat a desired amount of the effective ingredient to be sprayed, a spraying lime, a spraying time 
interval, a size of fine chemical liquid particles and an amount of the chemical liquid emitted by one spray may be 
adjusted. 

[0089] In the present invention, the chemical liquid is intermittently sprayed in flie air and a stable effect to repel or 
eliminate harmful organisms is ensured over an extended period of time. 

so [0090] As described in the foregoing, in 1h9 present inventfon. by setting the particle size such that those having a 
particle size of 20 nm or less, based on volume cumulative distribution (volume cumulative percent), account for 90% 
or more of the entire particles, the falSng velocity of the fine particles and the amount of fallen particles are decreased, 
thereby allowing trie particles to be diffused in a wider area and also ensuring that the effective ingredient slays while 
floating In tne air for a longer time period. 

25 [0091] Addilionaily. the sprayed fine chemical liquid particles exhibit a behaviorto gradually decrease in size because 
a main solvent evaporates from individual particles floating in the air. This leads to an extended floating time ofthe 
particles, i.e. an extended duration of effective period and sn increased diffuslbility of the particles in the air The 
tendency of the particles decreasing in size varies depending upon the types of solvent and propellant used and there- 
fore, a suitable solvent and propellant can be selected as desired. 

30 [0092] If a group of particles greater than 20 in size is present in a vol ume cu mu lative percent of more than 1 0%, 
an amount of particles quick to fall increases and besides, such partfcles fall before exhibiting the aforesaid behavior 
to decrease in size while staying afloat in the air. This results in a lowered concentration of the effective ingredient in 
air (concentration in air) ae well as in a decreased fioatability ordlflusibility of thereof and hence, a desired effect cannot 
be attained In addition, there is increased pollution of a region where the chemical liquid is applied. 

35 [0093] In a space where the harmful organism in the present invention is repelled or eliminated, th e space including 
a house (residence), bungalow, tent, shop, greenhouse, vinyl house, warehouse and the like, there is much air fiow 
so that a favorable diffusibility of the effective ingredient is ensured by producing chemical liquid particles of a size 
specified by the present rivention. Furthemiore, by the aforesaid effecS to extend the floatvig time of the particles, the 
continuous atomisatlOT of the chemical Iciuid is not necsssitated Thus, energy consumptior is reduced through inter- 

^0 mittent atomisatipn of the chemical liquid, and moreover, safety is enhanced. The method for repelling or eliminating 
harmful organism of the present Invention isquite advantageous in that an effect as indicated by the effective ingredient 
is safely and efficiently exhibited and maintained over an extended period of time in a power-saving manner. Therefore, 
the atomiser apparatus used in the method of the present Invention can operate on a battery, such as dry batteries, 
so that the portability thereof is remarkably facilitated. As a result, the freedom of application of the present invention 

'IS is dramatically increased. 

[00S4] The method of the present invention adapted for intenmittent atomisation gives improvements to the pr<*lems 
of the conventional methods: the aerosol method suffering substantial chemical liquid loss due to greater particle sizes 
of the sprayed liquid obtained by toe methodt the liquid-heating transpiration method requiring high energy for contin- 
uous transpiration of the liquid even though the resultant partides are email in size; and the ultrasonic atomisation 

so method requ iring h igh energy for instantaneously atomising a large amount of iiquiti even though the resultant particles 
are small in size. 

[0095] In the case of the intemnittsnt atomisation, a time inten/al between a spray and the next spray (spraying 
inten/al) is not particulariy limited. The time interval, for example, preferably ranges fn^m 3 seconds to 60 minutes, 
more preferably from 10 seconds to 30 minutes, and particularly preferably from 20 seconds to 15 minutes. From the 
56 viewpoint of energy saving, the time intenral of more than 3 seconds is preferred. From the viewpoints of safety and 
sustainatKlity of the floating chemical liquid particles, the time interval of less than 60 minutes is preferred. 
[00961 A spraying time for each spray is not particularly limited. However, in consideration of power saving when the 
battery or ttie Ike is used as a power source, the sprayiig time, for instance, preferalrfy ranges from 0.05 to 300 
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seconds, mors preferably from 0.1 to 1 80 seconds, and particularly preferably from 0.2 to 60 seconds. 
[0097] A ch9mica!-liqufd atomiser apparatus usable for the method of the present Invention Is preferably capable of 
instaitaneously emitting a predetermined arriount of the chemical liquidL Examples of a preferred atomiser apparatus 
include the aerosol atomiser apparatus andthe plezoelectricalomteerapparaJus as mentioned above. The piezo^ectrlc 
atomiser apparatus of the present invention described above is included in the examples of the preferred piezoelectric 
atomiser apparatus. 

px)98] A concrete description will hereinbelow be made on frie atomising methods. 

Aerosol Method 

[0099] In this method, the size o( fine chemical liquid panicles can be designed to haveapredetemiined range mainly 
by adjusting the volume ratio of a chemical liquid to the overall vcriume of a pressure vessel, the chemical liquid con- 
sisting essentially of the effective Ingredient, the Chemical Rquld comprising the efiectivs Ingredient and a solvent. More 
speclffcally, an initial volume of the chemical liquid preferably accounts for 15% or less of the overall volume of the 
pressure vessel, and more preferably 10% or less, and particularly preferably 5% or less. Limiting the initial volume 
ratio of the chemical liquid to 15% or less leaves an initial volume ratio of B5% or more for a propellant occupying the 
pressure vessel. This provides the fine chemical liquid paiticles further reduced in size. The propellant may be com- 
posed of a gas phase and a liquid phase or of a gas phase alone. In a cass where the propellant is composed of the 
gas phase and liquid phase, it is preferred thai a single homogeneous liquic phase is formed by uniformly dissolving 
or dispersing the chemical liquid in the liquid phase of the propellant. In a case where the propellant is composed of 
the gas phase alone, it is preferred Oiatthe effective ingredient is unifomrtly dissolved or dispersed in the chemical liquid. 
[01001 In a case where the chemical liquid ie atomised by this method, the chemical liquid may consist essenliaily 
of the effective ingredient, or it comprise a mixture of the effective ingredient and a solvent. In a case where Ihe 
chemical liquid comprises the ^ove mixture, a concentraljon of the chemical liquid may optionally be adjusted so that 
the initial volume ratio of the chemical liquid to the volume of the pressure vessel is within a predetermined range. 
[01 01] A preferred propellant sealed within the pressure vessel include, for example, at least one selected from the 
group consisting of liquefied petroleum gas (LPG), dimethyl ether (DME) and halogenated hydrocarbons. However, 
the propellant is not particularly limited to the above and compressed carbon dioxide gas, compressed nitrogen gas, 
compressed air or the like may be used as long as the desired fine chemical liquid particles can be formed. 
[01 02] The pressure vessel with the openaWe atomising head usable in the present invention is not particularly 
limited. Similar vessels to those used for the conventional aerosol products can ba used. 

[0103] As a control mechanism of open-close of the atomising head and the control mechanism of spraying inten/al 
and amount of the sprayed liquid, there may be included, lor example, a method for electrically controlling both the 
amount of sprayed liquid and the spraying intenral by using an elecUomagnetic valve adapted to open the atomising 
head for a given time period, and a method for electrically controlling only the spraying Interval, while controlling the 
amount of sprayed liquid by utilizing a constat rate valve. 

[01 04] By using such a chemical-liquid atomiser apparatus for the aerosol mettiod, the chembal liquid can be auto- 
matically and inlermlttently sprayed. 

pi 05] Figure 4 is a schematic view illustrating a chemical-liquid atomiser apparatus for the aerosol method incl uding 
a power source, a control mechanism of open-close of the atomising head, and a control mechanism of spraying time 
inten/at and amount of sprayed Bquid. In Figure 4, the apparatus eompriees a chemical liquid 14, a propellant (liquid 
phase) 32, a dip tube 33, a pressure vessel 34. an openable atomising head (valve) 35, abutter 36, an electromagnetic 
valve 37, an elactromagnetie-valve control circuit 38, a timer circuit 39, and a battery 1 6 as a power source. The button 
36, the electromagnetic valve 37 andthe alectromagnetic-valve control elrcufl 38 constitute the control mechanism of 
open-dose of the atomising head 35. TTie timer oircuft 39 sen/es as a control mechani»n of spraying time inten/al and 
spraying time. Incldentall/. the chemical liquid 14 Is dissolveci in the propellant 32. 

[0106] A signal Inteimittently generated by the timer circuit 39 is applied to the electromagnetic-valve control circuit 
38 for controling an operation of the elect rcffnagnetic valve 37. Pressing the button 36 by operating the electromagnetic 
valve 37 opens the atomising head 35, whereby the chemical liquid 14 together with the propellant 32 fJow through the 
dip tube 33 to be sprayed from an emitting port 41 . 

Piezoelectric Method 

[0107] As other means for carrying out the present invention, there may be used the ultrasonic liquid atomising 
technique employing the piezoelectric actuator which has been conventionally known to the art. Such a liquid atomising 
technique is preferred in that the liquid can be atomised without applying heat. 

[01 08] Unlike die aerosot method, this method can atomise the liquid through vibration caused by the electric signal 
and does not require the pressure vessel nor the propellant contained therein. Accordingly, the method advEntageously 
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cortribirtes to a reduced size of the chemioal-liquid atomiser apparatus. More advantageously, a further size reduclion 
of the apparatus can bs achieved by Ihe iMezoelectrio atomising head comprising a piezoelectric actuatoi; a porous 
diaphragm laonded to the piezoelectric actuator, and a chemical liquid feeding means for supplying a chemical liquid 
to the diaphragm. 

[0109] In the piezoelectric method, an output power for atomisation is not particularly limited The outpijt power is 
preferably 3 W or less, while a frequency preferably ranges from 20 to 600 kHz, and more preferably from 1 00 to 600 
kHz. 

[01 10] For further reduction of energy required for Uie alomisalion. it is preferred that 1 ) the diaphragm has an even 
smaller size and tnchjdes pores arranged even more closely, and that 2) the diaphragm is further reduced in thickness, 
to an extent that a required spraying fs ensured.. 

[0111] The concenttBtion of the effective ingredient in «ie chemical liquid is not panicularly limited as long as an 
effective amount thereof can bs emitted in ttie air. Moreepecifically, the concentration of the effective ingredient in the 
chemical liquid preferably ranges from 0.02 Jo 10% CW/V), more preferably from 0.5 to 7.0% (W/V) and particularly 
preferably from 1 ,0 to 4.0% (WA/). In a case where achsmioal liquid containing an effective ingredient in an extremely 
lowconcentrab'on is atomised, it is necessitated that the apparatus is devised for emission of the effective amount of 
the effective ingredient in the air to increase the size of the diaphragm or to extend the spraying time period, which 
gives rise to a c^se for an hcreased energy consumption. For *ie purposes of maintaining the effect of the effective 
ingredient and saving power, the chemical liquid preferably contains the effective ingredient in a concenl ration of 0.02% 
(W/V) or more. On the other hand, many of tfis effective ingredients themselves exhibit high viscosities at room tem- 
peratures. From the viewpoint of suppressing an increase in energy consumption owing to an increase in viscosity of 
the chemical liquid, the concentration of the effective ingredient in the chemical liquid is preferably 1 0% (WA/) or less. 
[01121 Examples of the piezoelecb-ic chemical-liquid atomiser apparatus include the piezoelectric chemical-liquid 
atomiser apparatus of the present invention, an apparatus disclosed h Japanese Unexamined Patent Publication No. 
Hei 7-5014B1 and the like. The atomiser apparatus disclosed in this publication comprises an actuator having an 
annular disk shape with a hole at a center thereof, and a diaphragm being bonded to the central hole. The publication 
teaches that the useof athin electroac»ustic actuator favorably contributes to ihe reduction of costs, power consump- 
tion and the size of the overall apparatus. 

[0113] As 1o the piezoelectric chemical-liquid atomiser apparatus, there may be used an apparatus shown In Figure 
5, for example. 

[0114] Figure 5 is a schematic view illustrating a chemical-liquid atomiser apparatus for the piezoelectric method. In 
Figure 5, Ihe apparatus comprfees a piezoelectric atomising head comprising a piezoelectric actuator 2 and a porous 
diaphragm 1 indirectly attached to the piezoelectric actuator; a chemical fiquid vessel 12 including a wick 55 slightly 
touching the daphragm 1 ; a chemical liquid 14 contained in the chemical liquid vessel 12; an oscillation control circuit 
56 connected to the piezoelectric actuator 2; and a battery 16 as a power source. The oscillation control cIkmH 56 has 
functions of a piezoelectric oscillation control and a trmercontrol. The chemica! liquid 1 4 in the vessel 1 2 passes through 
the wick 55, a chemical-liquid feeding means, to be supplied to the diaphragm 1 slightly touching the wck 55. The 
diaphragm 1 includes a large number of pores, through which pores the chemical liquid is made into fine particles by 
vibration of the diaphragm 1, and the resultant fine chemical liquid particles are sprayed from an emitting port 41. The 
oscillation caitrol circuit 56 controls the spraying lime and the spraying time interval to provide the desired intermittent 
spraying of the liquid. Although not illustrated in Figure 5, the apparatus may have an arrangement to allow a user to 
arbitrarily set the spraying time and spraying time interval for controliing the amount of sprayed chemical Iquid de- 
pending Uport the desired effect or a space in which the apparatus rs used. A method for allowing the user to males 
arbitrary settings is not particularly limited. 

[0115] Here, the term 'slight touching" between the wick and the diaphragm refers to a state of slight touch in which 
the wick so softly touches the diaphragm to a degree as not to Interfere Mnth the vibrainn thereof, or to a state where 
such a fine gap is formed between the wick and the diaphragm that a film of the chemical licpjid formed on the top 
surface of the vwck bcu^ely contacts the diaphragm. 

EXAMPLES 

[0116] The present invention will be described in f Jrther by means of Ihe following working examples, comparative 
examples and test examples, without intending to limit the scope or spirit of the present invention thereto. 
[0117| A piezoelectric chemical-liquid atomiser apparatus similarto that shown in Figure 1 was produced. Thechem- 
ioal-liquid atomiser apparatus was used in Examples 1 to 10 and Comparative Examples 1 to 4. 
[0118] This apparahjs employed a piezoelectric actuator having an annular disk-like shape, and a diaphragm at- 
tached to the piezoelectric actuator included a plurality of fine pores in regular arr^gement. Here, the porBs were 
constructed such that its diameter was progressively decreased from a chemical-liquid feed surface (back side) toward 
a chemical-liquid atomising surface (front side). 
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[0119] An AC adapter of DC 3V was used as a power source for driving the piezoelectric actuator. The power was 
adjusted to a frequency of 113 ItHz and a voltage of 43 V in an oscillation control circuH arranged wiliiin tlie apparatus. 
The piezoelectric actuator was intermittentfy driven through a timer control comprising an ouput for 0.5 seconds and 
a quiescent period of atwut 29.5 seconds. 

Examples 1 to 10 

[0120] In the aforesaid ciiemicai-liquid atorr»iser apparatus, a second chemical-liquid passage portion was fixed In 
the apparatus body in a manner such that when a chemical liquid vessel was housed in a predeleimined position in 
the atomiser apparatus, one end of a first chemloal-tiquid passage portion was abutled against one end of ifits second 
chemical-liquid passage portion, and the other end of the second chemical liquid passage portion slight touched a 
diaphragm. The first chemical-liquid passage portion had a length of 30 mm. The second chemical-liquid passage 
portion in Example 1 had a length in a horizontal direction of 20 mm, and those of Examples 2'to 1 0 had a length in a 
vertical direction of 15 mm. Matanale used for the chemlcal-iiquid passage portions, mofriods for bonding the chemical- 
liquid passage portions, and methods of fitting the chemical liquid vessel in Ihe atomiser apparatus arc shown in Tables 
1 and 2. Incidentally, a ceramic, porous mataial having a relatively low density was used as an inorganic powder 
sintered body. 

[0121] In addition, the chemical liquid vessel was provided with a vent having a size of 0.8 mn^ at an upper portion 
of the chemical liquid vessel to malce an Internal pressure of the vessel constantly equal to an external pressure. 

Comparative Examples 1 to 4 

[0122] The same chemical-liquid atomiser apparatus and the chemical liquid vessel were used except that in Com- 
parative Example 1 to 4, the wick was not divided, and that the wick was a means for directty suwilylng the chemical 
liquid to the diaphragm. The gap between the wick and the diaphragm was so adjusted that the wick slight touched 
the diaphragm when housing the chemical liquid ata predetemriined position in the atomiser apparatus at initial mount- 
ing. Materials used for the chemical-liquid passage portions, and methods of fitting the chemical liquid vessel in the 
atomiser apparatus are shown in Tables 1 and 2. Incidaitatty, a wick having a high density was used as an inorganic 
powdery binder material in Comparative Example 4, ttie wick prepared by binding an inorganic powders, such as clay 
talc, and diaiomaceous earth generally emptoyed In liqukJ heat transpiration agents with an organic binder. 
[01 23] In addition, the chemical liquid vessel was provided with a vent having a size of 0.8 mm^ at an upper portion 
of the chemical flqufd vessel 
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Method of Bonding Chemical-Liquid 
Passage Portions 


Method of Fitting Chemical Uquid Vessels 




Example 1 


Type A 


Lateral Snap-Fit 




Exampis 2 


TypeB 


Bottom-Top Housing 




Example 3 


TvpsD 


Lateral Snap- Fit 




Exampis 4 


TypsD 


Lateral Snap-Fit 


TO 


Example 5 


Type D 


Lateral Snap-Fit 




Example 6 


TypeD 


Lateral Snap-Fit 




Example 7 


Type D 


Lateral Snap-Fit 




Example B 


Type D 


Lateral Snap-Fit 


IB 


Example 9 


TypeD 


Lateral Snap-Fit 




Example 10 


TypeD . 


Lateral Snap-Fit 


30 


Comparative Example 1 
Comparative Example 2 
Comparative Example 3 
Comparative Example 4 




Lateral Snap-Fit 
Bottom-Top Housing 
Bottom Screw Houerig 
lateral Snap-Fit 



[01 24] As to the methods of bonding the first and second chemical-liquid passage portions, Type A refersto a method 
shown in Figure 1 . A1 and A£; Type B refers to a method shown in Figure 1, B1 and B2; and Type D refers toa method 
shown in Figure 2. 



Comparative Example 5 

[0125] The conventionally used liquid, h»at transpiration apparatus was used in Comparative Example 5. The wick 
^ was an inorganic powdeiy binder material. Owing to the shape of the vessel, the wicl< had a length of 30 mm, and it 
was so constructed that a polysthylane sintered body was connected to a bottom portico of the wick housed inside the 
chennlcal liquid vessel. Also, the liquid, heat transpiration ^paratus was constructed that a PTC heating member was 
heated by appfying AC 1 00 V, and an upper portion of the wjclc was heated in an indirect mannerto cany out transpiration 
of the chemical liquid. 

3S 

Test Example 1 

[0126] A chemical liquid atomisation test was carried out by using the apparatuses of Examples 1 to 4 and of Com- 
parative Examptes 1 to 3, 

^ IP127] A chemicaJ liquid vessel was housed in the apparatus body, and the apparatus was operated for 24 hours to 
determine an initial anrount of the atomised chemical liquid. Subsequently, the chemical liquid vessel was removed 
from the apparatus body and then was housed therein again. This process was repeated. After this process was 
repeated by a predetGrniined number of times (10 times, 20 times, 30 times), the apparatus was operated for 24 hours 
to determine an amount of the atomised chemical liquid. An amount by volume of the atomised chemical liquid per 

^5 hour was calculated from each weight reduction of the chemical liquid resulting from the operation of the apparatus 
for 24 hours. 

[0128] The chemical liquid used in Test Exanple 1 was an n-paraffin solution containing d«d-T80-prallethrin (Etoc) 
at a concentration of 2 67% (w/v) as an effective ingredient. The n-paraffin consisted essentblly of an aliphatic satu rated 
hydrocarbon having 1 4 carbon atoms. 
55 [01 29] In this test, an initial amount of the att»Tilsed liquid per hour was set to at about 30 (iL. 
[0130] The resutts are shown in Table 3. 
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[0131] It is clearfrom Table 3 that the apparatuses of the present invention provide quite stable amounts of liquid 
atomised regardless of the state of the chemical liquid vessel being mounted and detached. By contrast, there ar« 
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great variations in the amount of liquid atomised by the apparatuses of Comparative Examples caused by the mounting 
and detaching at the chemical liquid vessels. This is presumably owhg to the fact that the apparatuses of the present 
invention maintain a constant state of contact between the diaphragm and the wicit regardless of the state of the 
chemical liquid vessel being mounted or detached, whereas the apparatuses of the comparafive examples cause 
changes in the state of contact between the diaphragm and the wickfor each nrxxinting and detachrg of the chemical 
liquid vessel. 

Test Example 2 

[0132] Atomisation or transpiration of a chemical liquid was carried out using Ihe apparaluse$ of Examples 3 to 10 
and of Comparative Examples 4 and S. There was determined an amount o1 discharge of an effective ingredient after 
each lapse of a predetermined tfrne period (1 0 hours, 300 hours, 600 hours, 900 hours, 1 200 hours) from the initiation 
of atomisation or transpiration. The results are shown in Table 4. 

[d 33] The mode of atomisation was carried out in an intemnittent manner, wherein a cycle of spraying for about 0.5 
seconds and quieting for about 29.5 seconds was repeatedly carried out. The initial amount of the atomised liquid per 
iiour was set to about 30 nL. Here, in the apparatus and the chemical liquid vessel of Comparativ© Example 4, the 
apparatus was operated in the same manner as that of Ccmparalive Example 1 except for that only ttis material for 
the first chemical-liquid passage portion was changed, 

[01 34] The amount of discharge of an effective ingredien: was determined as follows. Specifically, sprayed or tran- 
spired chemical liquid including the effective ingredidnl was collected under suction with a silica gel, and the collected 
components were subjected to acetone extraction. The resulting extract was subject to quantitative analysis by the 
gas chromatography thereby to determine an amount of discharge of the effective Ingredient. 
{0135] The chenrucal liquid used in Test Example 2 was an r. -paraffin solution containing d'd-T80-prallethrin (Etoc) 
at a concontratlon of 2.67% (w/v). TTie n-paraffin consisted essentially of an aliphatic saturated hydrocarbon having 
14 carbon atomsw 
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[01 36] It is clear from Table 4 Uiat the amount of discharge of the effective ingredient in Example 3 to 1 0 is stable 
for a long period of fime from the initiation of the operation of the apparatus, and even stabler h the discharge of the 
eflectlve ingredient than the conventional liquid, heattranspiratbn method in Comparative Exar^ie 5. In Comparative 
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Example 4, tiiere arises a problem in spraying even from the Ntial stage of spraying, so that no effective ingredients 
are discharged with the passage of time. 

Examples 11 to 44 and Comparative Examples 6 to 11 

5 

[0137] As the effective ingredients, there were used cf-d-T80-pra!l6thrin (Etqc), d1*d-T80-allethrin (Pynamin Forte, 
simply referred hereinafter as 'Pynamin f), terallethrin (Knockthrin), d-T80-phthatthrln (Neo-Pynamin Forte, simply 
referred hereinafter as °Neo-Pynamln f), and d-TSO-cyphenothrin (Gokilaht). For each of effective ingredients, the size 
01 fine chemical liquid particles, the spraying time interval, the amount of each offoctlvo ingredient atomised per hour 
'0 were adjusted as shown in Tables 5 and 6 to carried out the test. Incidentally, the tables indicate the particle sizes in 
a simplified manner as described below. IVIore specifically, 90% of particles (X-90) based on the volume cumulative 
distribution (volume cumulative percent) had a size of N pm, sizes of the particles were simply referred to *N pm.' The 
spraying time Interval was defined as a period between the start of a Itrsi atomisation and the start aS the subsequent 
atomtsatton. The spraying time was set to be shorter than Ihe spraying time interval. 
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Aerosol Method 



[0138] An initial votumo ratio of a cliemical liquid was sat to be within a range of 1 .0 to 30% to a prQssure vessel of 
300 mL under the conditions given at Table 5. The chemical liquid was prepared by using ethanol as a solvent. In 
addition. DME was used as a propellant, and an htemal pressure of the pressure vessel was adjusted to be from about 
4toaboul5l<g/cm2. 

[0139] The diameter of the fine diemical liquid particles could be adjusted by a suitable type of valves and spray 
buttons to be used. In the present invention, it was adjusted by varying the volume ratb of the chemical liquid to the 
volume of the pressure vessel, the chemical liquid comprising Iha effective ingredient and a sdvert. For example 
when 90% of discharged chBmical liquid particles based on the volume cumulativ© distribution had a size of about 5 
pm, an initial volume ratio of the chemical liquid to the pressure vessel was set to be 1%. Smilarly, when 90% of 
particles had a size of about 1 0 fim, an in itial volume ratio of the chemical liquid was set to be 5%; when 90% of partiol es 
had a size of about 15 urn. an initial volume ratio of the chemical liquid was set to be 1 0%; when 90% of particles had 
a stze of about 20 jim, an initial volume ratio of the chemical liquid was set to be 15%; when 90% of panicles had a 
size of about 25 pm, an initial volume ratio of Ihe chemical liquid was set to iie 25%; and when 90% of particles had 
a eize of about 30 urn, an initial volume ratio of the chemical Iquid was set to be 30%. 

[01 40] As to the amount of discharge of the chemical liquid per one spray, the concentration of e?iCh of the effective 
ingredient in the chemical liquid was adjusted as follows. For example. 
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d«d-T80-prallethr;n (Etoc) 


0.0096 to 4.0% (w/v) 


d1»d-T80-allethrin (Pynamin f) 


2.4% (w/v) 


tefallethrin (Knockthrin) 


1.44% (w/v) 


d-T80iDhlhalthrin (Neo-Pynamin f) 


8.8% (wiV) 



At the same time, a valve-opening time was controlled. 

{0141] Incidentally, the apparatus siiown in Figure 4 was used as an atomiser apparatus in tliis test. 
PiBzoelecarie Method 

[01 42] An atomiser chemical liquid was prepared by dissolving an effective ingredient in a solvent. Used as a solvent 
was n-paraffin essentially consisting of ediphatlc saturated hycrocarlMn having 12 carbon atoms. Eactt chemical liquid 
was prspared so that the effective ingredient was contained in a given concentration. For example, a concentration of 
d'd-T80-prailethrin (Etoc) was in a range from 0.024 to 2.0% (wN); each of concentrations of d1»d-T80-allethrin (Py- 
namin f), terallethrin (Knockthrin) and d-T80-phthalthrin (Neo-Pynamin 0 was 5% (wAr); and a concentration of d-T- 
80-cyphenothrin (Goltilaht) was 1.5% or 3% (w/v). 

[01^ The diameter of the chemical liquid particles was adjusted by changing a size of the pores provided on the 
diaphragm. Specifically, the desired particle size was chained by adjusting the pore diameter to be from about 1 to 1 3 
\im regularly arrangedonthe diaphragm, the diaphragm being bonded to the piezoelectric actuator. For instance, when 
90% Of discharged chemical liquid particles based oti the volume cumulative dlstributlcfi had a size of about 5 ]im, the 
size of pores provided on the diaphragm was set to be about 1 to about 3 nm. Similarly, when 90% of particles had a 
size of about 10 jim, the size of pores was set to be about 3 to about 5)im; when 90% of panicles had a size of about 
15 fim, lh9 size of pores was S9t to be about 4 to about 7 nm; when 90% of particles had a size of about 20 \an, the 
size of pores was Set to be about 6 to about 9 (um; v\riien 90% of particles had a size of about 25 pm, the size of pores 
was set to be about 8 to about 11 jim; and wrtien 90% of particles had a size of about 30 jim, the size of pores was set 
to be about 9 to about 1 3 lixn. 

10144] As to the amount of discharge of the chemical liquid per one spray, the amount was adjusted as follows by 
controling the vibration period of ttie piezoetectric actuator. For example, 



Eloc 


0.35 to 41 .7 jiL 


Pynamin f 


0.83 ttL 


Knockthrin 


0.5 (iL 


Neo-Pynamin f 


3.06 nL 


eokllaht 


2.78 nL 



[01 AS\ Incidentally, ttia apparatus shown in Figure 5 was used as an atomiser apparatus in this test. In the oscillation 
control citcuit, DC 3V was used as a power source to Increase tha voltage to 43 V. and the piezoelectric actuator was 
driven while controlling the frequency to 11 3 kHz. 

Test Example 3 

[0146] This test was conducted underthe setting conditions respectively specified for Examples 11 to 14 and 26 to 
31 and Comparative Examples 6, 7, 9 and 10 as shown in Tables 5 and 6. The size of 90% of particles contained in 
the discharged diemical liquid particles based on the volume cumulative distribution was varied in a range from about 
5 (im to about 30 |am to evaluate a knockdown effect for particles of respective sizes. As a sample insect, 1 00 female 
imagines of Cutev pipiens pattens were released in a test room of about 8-tatami, i.e. about 30 m^, and the number 
knocked down insects was counted with the paeeage of time from release. Fran the reeuHe obtained, KTgg values 
calculated according to Bliss' Probit Method were compared. The KTgg value represented a tmne period required for 
knocking down 50% of the sample insects. Hence, the smaller the KT50, the greater the knockdown effect, i.e. the 
effect for repelling or eliminating a target hannful organism. 

[0147] Mgasurement points to count tha knocked dow.n insects were set to limes after 30 minutes, one hour, S.5 
hours, 7 hours, and 1 2 hours from the start of the test. In the piezoslectric method, an additional measurement point 
was set to a time after 300 hours from the start of the lest. The evaluation of each case was mads in the manner 
aforementioned. 

[01 48] A degree of pollution of the room floor with the chemical liquid was evaluated through a visual inspection after 
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the operalion under each condaion. The inapection was perfoimed after a lapse of 120 hours from the start of the test 
with respect Id the aerosol method and after a lapse of 360 hours with respect to the piezoelectric method. The following 

evaluations wers made for each rank 

O: Pollution of a degree that the floor was not changed in color or slightly changed; 

a: PoBution of a degree that the floor was somewhat changed in color or became somewhat greasy; and 

x: Pollution of a degree that the floor became greasy. The results are shown ki Tables 7 and 8. 
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[0145] It is clear from the results that smaller the particle size, larger the knockdown effect and earlier the time In 
which the effect from the start of spraying was exhibited. Particularl/ wtien 90% of discharged chemical liquid particles 
based on the volume cumulative distribution have a size of about 20 \im or less, the meal effective knockdown effect 
can be confirmed practic^ly 

Test Example 4 

[0150] This test was conducted under the setting condltiorts respectively specified for Exanr^Ies tSto 1 8 and 32 to 
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35 and Comparatwe Examptes B and 11 as shown in Tables 5 and 6. The size of 90% of discharged chemical liquid 
particles based on the volume cumulative distribution was about 10 jxm for the aerosol method, and about 5 jun for 
the piezoelectric method to evaluate a knockdown effect for each sprayhg interval under conditions that spraying 
intervals was set between 3 and 5400 sec. 

[01 51 ] The method for evaluating the knockdown effect and the degree of pollution on the floor were carried out by 

method described in Test Example a 

[0152] The results are shown in Tables 9 aid 10. 
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[01 63] It is clear from Iha results that although a knockdovm effect can bs obtained when the spraying interval of the 

chemical liquid was set at 3600 seconds, namely 60 minutes, depending upon the duration of the passage of time, 
there are observed deviations among the knockdown effect in immediately after spraying and in subsequent spraying. 
For instance, when spraying interval is 5400 sec, deviatbns tend to become large, so that the spraying inten/al is 
£6 preferably within 3600 sec. 

[0154] in addftlon, It is clear from Comparative Examples 8 and 11 ffiat althougfi the total amount oT the effective 
ingredient until spraying lor 1 2 hours Is at the same level as Examples, the effect cannot be sustained for a long period 
of time, thereby shotnmg usefulness in an intermittent spraying in an appropriate interval. 
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Test Example 5 

p)155] This test was conducted under the setting conditions respectively specified for Examples 1 3, 25 to 27, 29, 
and 40 to 42 as sliown In Tables 5 and 6 to evaluate a knockctovwi effect for dltferant effectiVB Ingredients included in 
the chemical licnjid particles released. The method for evaluating the Iciockdown effect was carried out by method 
described In Test Example 3. 
[0156] The results are shown In Table 1 1 . 
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[01 57] It is clear from the results that even if the effective Ingredients were different, the effect activity owned by the 
effective ingredient itself can be exhibited, suggesting that an Expropriate effect can be obtained by adjuating the 
amount of the effective Ingredi^ sprayed depending upon the effect activity. 

s Tast Example 6 

[0158] This test was conducted under the setting conditlcns re^sctlvely specified for Examples 23 and 24 as shown 
in Table 5 to eval uate a knockdown effect to female imagines of Cufex pipmns pallene in a 1 6-talami mat room (about 
60 m^) when a spraying amount of the chemical liquid per spray was set for a size of 60 mP. The mettiod for evaluating 
10 the knockdown effect was carried out by method described In Test- Example 5. ■ 

[01S9] The results are shown in Table 12. ... 
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[0160] It Is Clear fronri the rssulls that by doubling the spray amount of the chemica! fquid of that ueed tor 30 
55 room, desired effects can be obtained wrtien doubling its volume. 
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Test Example 7 

[0161] This test was conducted under the setting conditions respectively specified for Examples 1 9 to 22 end 36 to 
39 as shown in Table 5, and studying on the relationship between the released amount of the effective ingredient per 
unittrne and unit space and effect of inhibiting blood suckkig of female imagines of Mdes albopictus after two hours 
from the start of test. The effect of Inhibiting blood sucking was evaluated as follows. A living room-testing room was 
made ready by placing a rat fixsd to a wire ned as a source of blood sucking In the middle of a living area of 8-tataml 
mat room (about 30 rT>% and the chemical liquid was intermitlentiy sprayed over a period of 2 hours. Next, 100 indi- 
viduals of female imagines of /tecfes albopictus ware released, and the total number of blood sucking after two hours 
from release was counted. In addition, as a control, a loom without spraying the chemical liquid was prepared, and 
the number of Wood sucking was counted. 
[01 62] The results are shown in Table 1 3, 
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[0163] it is cisar from tlie above test that in order to oiatain a minimal level of effect of inhibiting blood sucking for 
preventing the harm of btood sucl<ing by rhosquitos. the release amount of the effective ingredient per one hour per 
30 is desir^ly to be set at 0.01 mg or more. 

ss Test Example 8 

[01641 This test was conducted under the seningooncfitions respectively specified lor Examples 43 and 44 as shown 
in Table 5, in which the subject to be tested as harmful organisms was cockmaches. Incidentally, the test was carried 
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out against Periplaneia fuliginosa and Blattella germank:a in a 8-ta1ami mat room (equivalent to a space of about 30 
m^), Atfour cornera of the room were placed polyethylene cupsconlainlng subject insects to which vaseline was applied 
in the inner surface of the cup to avoid escape, and a box-shaped cover having dimensions of 30 cm x 30 cm x 48 cm 
with a hole of 6 cm x 6 cm on its side was frfaced thereon. Measurement points to count the knocked down insects 
s were sat to times after 3 hours, 6 hours, and 1 2 hours from the start of the test. 
[01 65] The results are shown in Table 1 4. 
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10166] It is clear from Uie above test that Its effect Is also confirmed against cockraaches. showing that similar use- 
fulness to mosquitoes can be found for harmful organisms other than mosquitoes. 
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[0167] Since the piezoelectric chemlcal-llquld spraying apparatus of the presant invention lias easy exciiangs op- 
eration of the chemical liquid, having substantially no liquid leakage upon chemical liquid exchange, and having ex- 
cellent spraying stabiilly. In addition, according to the present invention, since the chemical liquid can be Intemnittently 
sprayed, the remarltable reduction in energy consumption and in the amount of tie chemical liquid used can be 
achieved. Moreover, since batteries, etc can be used, the method of the present invention has a mda range of appli- 
cability. 



Claims 

1. A piezoelectric chemical-liquid atomiser apparatus comprieing: - 

a chemical liquid vesssi detachabiy lioused in the atomiser apparatus, and 

a wick for supplying a chgrnical liquid therethrough to a piezoelectric atomising head arranged In th« atomiser 
apparatus, 

■characterized in ttiat: 

the wick is divided intoafirst chemical-liquid passage portion anda secxind chemical-tiquid passage poitlon, where- 
in 

(A) the first chemical-liquid passage portion is arranged within the chemical liquid vessel, one end thereof 

contacting the chemical liquid and the other end thereof being abutted against one end of the second chsmical- 
iiquld passage portion; and 

(B) the second chemical-tlquld passage portion is ananged at a position where the other end thereof slightly 
touches the piezoelectric atomising head or a position where the other end thereof contacts the piezoelectric 
atomising head, thereby allowing the chemical liquid to be supplied up to the piezoelectric atomising head 
through the first chemical-liquid passage portion and the second chemical-llquld passage portion. 

2. The piezoelectric chemical-liquid atomiser apparatus according to claim 1 , wherein a member in the piezoelectric 
atomiscng head which slightly touches the other end of said second chemical-liquid passage portion or contacts 
the other end of said second chemical-liquid passage portion is any one of a diaphragm, a thin sheet, and a 
piezoelectric actuator. 

3. Hie piezoelectric chemical-liquid atomiser apparatus according to claim 1 or 2, wherein said first chemicaMiquid 
passage portion ssxO/or said second chemicaMiquid passage portion are made of porous materials having contin- 
uously permeable pwes, resinous materials having continuous foams, ^d aggregates of resinous fibers. 

4. The piezoelectric chemical-liquid atomiser apparatus according to any one of claims 1 to 3, wherein tne member 
usable for the first chemical-liquid passage portion has a wicking speed of the chemical liquid of within 1 0 minutes. 

6. The piezoelectric chemical-liquid atomiser apparatus according to any one of claims 1 to 4, wherein at least one 
member of the first chemical-liquid passage portion and the second chem ical-llquid passage portion is comp reesed 
by bringing said first chennicaf- liquid passage portion into ed^utment against said second diemicaHiquid passage 

5. The piezoelectric chemical-liquid atomiser apparatus according to anyone of claims 1 to 5, wherein the chemical 
liquid vessel has a vent with an area of aperture of 1 mm^ or less. 

7. The piezoelectric chemical-liquid atomiser apparatus according to any one of claims 1 to 6, wherein a paclting 
member is provided at a peripheral portion in which the first chemical-liquid passage portion is brought into abut- 
ment against the second diemic^-liquid passage portion. 

3. The piezoelectric chemical-llquid aton^ser apparatus according to any one of claims 1 td 7, wherein the chemical 
liquid vessel is housed by a lateral slide-fit method, a lateral snap-lft method, and top-down housing method. 

9. Amethod for repelling and eliminating a harmful organism comprising emitting in the aira chemical liquid containing 
an effective ingredient as atomised chemical liquid fine particles, characterized in that the atomised chemical liquid 
is sprayed Intermittently, and to have a particle ^e distrSiution of the resulting atomized chemical liquid fine par- 
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tides in wlilcfi 90% by cumulative volume of the chemical liquid fine particles based on volume cumulativG distri- 
bution hias a particle size ol 20 fim or less. 

10. Tiie method according to claim 9, wherein a spraying line Interval is from 3 secorcfs to 60 minutes. 

11. The method according to claim 9 or 10, wherein an amount of sprayed liquid of an GlfectiV© ingrddient in the 
chemical liquid per hour is Irom 0.01 to 20 mg per a space of 30 m?. 

12. The method according to any one of claims 9 to 11, wherein the effectiVB ingredient is one or more compounds 
selected from the group consisting of pyrethroid insecticides, pyrethroid-liite insecticides, organic phosphorus in- 
sectioidos, oarb^ate insecticides, cl^oronicotine insecticides, insect growtli retaidants. and microbicides. 

13. The method according to any one of claims 9 to 1 2, wherein the chemical liquid is sprayed in the air by using an 
aerosol atomiser apparatus comprising a pressure vessel having an openable spray opening, and including a 
chemical liquid being sealed thergin together with a propellant. 

14. The method according to claim 13, wheren the atomiser apparatus further comprises a power source, an open/ 
close control mechanism for the spray opening and a control mechanism of spiayhgtims interval and amount of 
sprayed liquid. 

1 5. The methcxJ according to any one of claims 9 to 12. spraying the chemical liquid in the air using a pfezoeiectric 
chemical liquid atomiser apparatus con^rising a piezoelectric actuator, a porous diaphragm attached to the pie- 
zoelectric actuator, a chemical-liquid feeding means for supplying the chemical Squid to the diaphragm, a piszo- 
electric oscillation circuit connected to the piezoelectric aclualor, a ccnlrol circuit capable of controling vibration 
of the diaphragm for intermittently alcwntsing Ihe chemical liquid, a power source, and the chemical liquid. 



30 



so 



38 



EP 0 897 755 A2 




EP 0 897 755 A2 




EP 0 897 755 A2 



\ t f M 




FIG. 3 
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(57) The piezoelectric chemical-iiquld atcmniser ap- 
paratus (11) including a chemical Hquid vessel (12) de- 
lachably housed in the atomiser apparatus (11), and a 
wick for supplying a chemical liquid therethrough to a 
piezoelectric atomising heed arranged in the atomiser 
apparatus (11), characterized in that the wick is dn/ided 
Into a first chemical-liquid passage portion and a second 
chemical-liquid passage portion (4), wherein (A)Utefirst 
chemical-liquid passage portion is arranged within the 
chemical liquid vessel (12), one end thereof contacting 
the chemical liquid and the other end thereof being abut- 
ted against one end of the second chemical-iiquicf pas- 
sage portion [3), and (B) the second chemical-liquid 
passage portion (3) is arranged at a positksn where the 
othsr end thereof slightly touches the piezoelectric at- 
omising head or a position where the other end thereof 
contacts the piezoelectric atomising head, thereby al- 
towing the chemical liquid to be supplied up to the pie- 
zoelectric atomising head through the first chemical-liq- 
uid passage portion (4) and the second chemical-liquid 
passage portion (3). TTie above piezoelectric chemical- 
Rquid atomiser apparatus is highly useful for a meUiod 
for repelling and eliminating a harmful onanism. 
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